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ABSTRACT

Grasslands and pastures play a critical role in global food security, biodiversity, and ecosystem services, particularly in tropical
regions where they serve as the primary base for livestock production. However, these areas are increasingly vulnerable to deg-
radation due to poor management practices, as observed in the Cerrado biome. This study focuses on pastures in Goids, a state
located in central-western Brazil, which relies heavily on pastures for its agricultural economy. We present a comprehensive
field-based assessment of pasture degradation in Goids, aiming to estimate the area of degraded pasture according to three cat-
egories: non-degraded, in process of degradation, and severely degraded. A three-stage cluster sampling design was employed
to evaluate 460 field points, incorporating visual assessments of key variables using the novel Pasture Assessment Score (PAS).
The sample size was determined to achieve a maximum expected standard error of 4.47% for the estimated proportion of pasture
area across the three degradation levels, calculated using the Monte Carlo method. The scores were analyzed using Multiple
Correspondence Analysis (MCA) to reduce dimensionality and identify clusters corresponding to degradation levels, which were
modeled using Decision Trees. The results revealed that 39.35% (SE=3.92%) of the pasture area in Goias was classified as non-
degraded, 31.98% (SE=2.66%) as being in process of degradation, and 28.67% (SE =3.64%) as severely degraded. These findings
underscore the need for targeted management strategies and enhanced monitoring frameworks integrating field-based assess-
ments with remote sensing data to support sustainable pasture management.

1 | Introduction iron and low phosphorus availability (Lopes et al. 2024). The

Cerrado remains a biodiversity hotspot and vital water source

Land use dynamics in tropical savannas have become increas-
ingly relevant in global discussions on biodiversity conserva-
tion, food security, and climate resilience, particularly due to the
essential role of grasslands and pastures in sustaining livestock
production and providing ecosystem services. In Brazil, the
Cerrado biome is the second largest in terms of land area, and
it stands out for its ecological importance and extensive pasture
areas (Sano et al. 2019). It is characterized by a predominance
of acidic and dystrophic soils with high levels of aluminum and

(Sano et al. 2019; Myers et al. 2000) and spans central Brazil, in-
cluding Goids, a key region in the country's agricultural sector.

Goids heavily relies on pasture-based livestock production,
contributing significantly to national beef output (IBGE 2024;
CEPEA 2024). However, improper management and low soil
fertility have heightened pasture degradation, posing ecologi-
cal and economic risks (Dias-Filho 2023). Regions such as the
Brazilian Cerrado face increasing demands for livestock grazing
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(Dias et al. 2016), and understanding and mitigating degrada-
tion processes is essential to ensuring long-term sustainability
(Bustamante et al. 2019).

Pasture degradation in Goids is primarily driven by a combi-
nation of overgrazing, inadequate nutrient replenishment, and
dominance of invasive plant species, which compete with for-
age grasses, reducing pasture productivity and livestock perfor-
mance, as well as poor soil management. These processes lead to
soil compaction, reduced forage productivity, biodiversity loss,
and increased vulnerability to erosion. Over time, degraded pas-
tures exhibit lower carrying capacity (Dias-Filho 2023), directly
impacting livestock production and the region's economy.

However, how can we effectively identify the degradation
process in pastures, given that characterizing this process is
crucial for guiding appropriate management strategies that
foster sustainable production systems, preserve environmen-
tal resources, and mitigate pasture degradation? This is a com-
plex issue, and as such, a multifaceted approach is required to
account for the various causes of degradation. These drivers
include factors such as overgrazing, documented in pastures
across Europe (Kairis et al. 2015), Brazil (Sattler et al. 2018),
and Asia (Tuvshintogtokh and Ariungerel 2013), inadequate
soil nutrient replenishment (Lima et al. 2022), as well as a con-
sequence of the accentuated climate change in recent years (Li
et al. 2025).

According to Dias-Filho (2023), pasture degradation typically
occurs through two main pathways: agronomic degradation, in-
dicated by shifts in the botanical composition either through the
reappearance of native vegetation species or an increase in inva-
sive species (e.g., Sporobolus spp.), and biological degradation,
resulting from soil impoverishment due to insufficient nutrient
replacement or improper grazing pressure. Thus, the employ-
ment of direct evaluation methodologies, including the assess-
ment of forage productivity over time and monitoring of bare
soil exposure, can provide accurate identification of degradation
processes. However, these assessments are resource-intensive,
requiring significant time, labor, and financial investment.

Recent methodologies have been developed to overcome the
limitations of traditional approaches for assessing pasture deg-
radation. These novel methods have the potential to streamline
assessments by reducing the time required for collection of for-
age and soil samples, facilitating large-scale assessments, and of-
fering real-time data analysis. Pasture Assessment Scores (PAS)
have emerged as a practical and accessible tool to support pas-
ture monitoring (Teles 2021). This standardized visual scoring
system enables rapid, in situ evaluations by trained observers
who assign scores (1-7) across multiple parameters, including
plant development stage, weed/termite presence, ground cover,
and forage availability.

Building on the hypothesis that PAS is an effective tool for clas-
sifying pasture degradation, this study applied a detailed, field-
based assessment using the PAS system. The main objectives
of this study were: (a) to present the results of the PAS; and (b)
based on the classification of the level of pasture degradation
in the state of Goids, to estimate the areas of each level using
the PAS.

2 | Methods
2.1 | Study Area

The study covers the entire state of Goids, in central-western
Brazil, covering 340,242.860km? (IBGE 2024). Goias lies pre-
dominantly within the Cerrado biome, accounting for approx-
imately 17% of the biome's total extent (IBGE 2024). The target
population included all pasture areas in Goids, which occupy
around 40.27% (over 13.7 million hectares) of the state's territory
(Lapig 2024).

2.2 | Sampling Design

To obtain the final set of points that were visited and evaluated in
the field, a cluster sampling approach was employed, structured
into three distinct stages. The first stage involved a proportional
and ordered systematic selection of primary units, defined as
100x 100km grids covering the state. The selection criteria was
based on the proportion of pasture area within each grid.

In the second stage, a proportional and ordered systematic se-
lection of secondary sampling units was conducted, represented
by smaller grids of 10 X 10 km within the primary unit. The third
stage involved a stratified, unbalanced selection of tertiary sam-
pling units, defined by pixels (10x10m) within the secondary
unit. In this third stage, the tertiary units were randomly se-
lected from two strata. The first stratum included pixels within
a buffer of no more than 250 m from any paved or unpaved road
(buffer in) to avoid overly distant collections that would compli-
cate access. In the second stratum, a smaller number of pixels,
sampling points (SP), was chosen outside the 250 m road buffer
(buffer out) to reduce biases from sampling points too close to
roads where pastures are typically better managed (Figure 1).
Methods for determining sample size and precision are available
in Appendix S2.

2.3 | Field Protocol

Fieldwork in Goias was conducted under the MapBiomas ini-
tiative, coordinated by the Remote Sensing and Geoprocessing
Laboratory at UFG (LAPIG/UFG), in partnership with the
School of Veterinary and Animal Science (EVZ/UFG) and the
Forage Study Group (GEFOR/UFG). Data collection for pas-
ture evaluation and characterization occurred from January to
May 2022.

Field teams were trained to systematically evaluate pastures
following a standardized protocol that includes visual assess-
ments of pastures using the PAS scoring system, collection of
forage and soil samples, drone imagery, and ground-level pho-
tos. Each sampling area (SA), sized at 900 m? within the pasture,
was marked with the sampling point (SP) at its center, located
by GPS.

A total of 460 pasture sites were evaluated across Goids. At
each site, pasture productivity and degradation were assessed
visually based on a set of predefined parameters. Additionally,
forage samples were collected from 136 sites, and soil samples
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FIGURE1 | Study area and sampling design in Goias, Brazil, showing pixel locations. [Colour figure can be viewed at wileyonlinelibrary.com]

from 115 locations, which then underwent bromatological and
physical-chemical analyses, respectively. The majority of the
pastures evaluated in Goiads were composed of Urochloa spp.
(67%); Andropogon spp. and Panicum spp. were also present,
representing 23% and 6% of the sampled sites, respectively, while
the remaining samples corresponded to other forage species. For
this study, however, only the data obtained through visual field
assessments were used.

2.3.1 | Pasture Assessment Scores—PAS

A variety of methods are employed to describe pasture deg-
radation, including remote sensing data, forage and soil
sampling, on-site assessments of invasive plants, soil cover,
and monitoring of the stocking rate in the pasture (Kairis
et al. 2015; Bardgett et al. 2021; Silva et al. 2019). These meth-
ods can be categorized as either direct or indirect. However, it
should be noted that each method has its limitations, includ-
ing assessment time, costs, and the use of trained and quali-
fied labor, among others.

Pasture Assessment Scores (PAS) were specifically developed
to provide a rapid visual evaluation of pasture conditions with-
out requiring destructive sample collection. Inspired by earlier

methods described by Morley et al. (1964) that were later adapted
by Campbell and Arnold (1973), the scoring system applied here
is novel, with unique parameters designed to address the spe-
cific challenges of assessing the condition and productivity of
large areas of tropical pastures (Teles 2021; Silva et al. 2024).

Using a 1-7 scale (Norman 2010; Likert 1932), three to four in-
dependent observers assigned scores at each sampling point to
evaluate key variables related to pasture productivity and deg-
radation, including 1) plant development stage (DV), 2) weed
coverage (WD), 3) termite incidence (TI), 4) soil coverage (SC),
5) forage availability (FA), 6) green leaves availability (GLA),
7) pasture current condition (PC), 8) productive potential (PP),
9) pasture degradation (PD), and 10) management effective-
ness (MN).

This tailored scoring approach provides a comprehensive
framework for identifying degradation severity and estimating
pasture productivity over a 12-month period. Lower scores gen-
erally indicate degraded conditions (except for DV, WD, TI and
PD), while higher scores reflect well-managed pastures with
high productivity and minimal degradation.

Designed for consistent in situ application, this scoring system
enables timely and reliable pasture assessments, independent of
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seasonality or specific management techniques. A detailed de-
scription of the parameters and scoring criteria is available in
Appendix S1.

2.4 | Multiple Correspondence Analysis

Multiple correspondence analysis (MCA) was employed to ex-
amine associations among categorical variables, revealing
structural patterns within the dataset. This method enables the
projection of data points and variable categories into a lower-
dimensional space (typically two or three dimensions), facilitat-
ing both visual interpretation and analytical insights (Figure 2).
This analysis was chosen due to its suitability for handling
categorical data, such as the scores assigned during field as-
sessments. MCA reduces the dimensionality of the dataset by
summarizing the information contained in multiple categorical
variables into a few principal dimensions, which capture the
major patterns of variation in the data (Greenacre 2017; Le Roux
and Rouanet 2010).

2.5 | Area Estimates

The total pasture area (ha) corresponding to each parameter
score was estimated for observations of the distributions of each
score within each variable used in the PAS. In this way, we ob-
served which score or scores are most representative within a
PAS variable.

2.6 | Statistical Analysis

In the Multiple Correspondence Analysis, the input data con-
sisted of individual evaluators' Pasture Assessment Scores
(PAS) assigned at each SP for the various productivity param-
eters described earlier. A Burt matrix was generated to repre-
sent all pairwise cross-tabulations of these variables, which
served as the basis for the MCA computation. The analysis was
conducted using the mjca() function from the ca package in
R. The results were visualized using the ggplot2 package to
produce a biplot that displays the relationships between the

ACM Biplot with Modified Burt Matrix
7% s6:1
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FIGURE2 | MCA Biplot of PAS displaying the two main dimensions
(Dim 1 and Dim 2). [Colour figure can be viewed at wileyonlinelibrary.
com]

score variables, where each score category is represented as
a separate variable in the principal dimensions. This method
provides an intuitive approach for associating field data with
degradation levels based on key dimensions of variation, offer-
ing clear insights for targeted pasture management and sus-
tainable practices.

To calculate area estimates in Goids as a function of PAS, we
employed a robust statistical approach based on the Horvitz-
Thompson estimator. This method calculates the mean or pro-
portion of interest by assigning weights to each observation
(), reflecting its inclusion probability across multiple stages of
the sampling design (Olofsson et al. 2014; Stehman 2014). The
hierarchical structure of the sampling process included P pri-
mary sampling units (100km x 100km grids), S secondary sam-
pling units (10km x 10km grids), and K tertiary sampling units
(10m x 10m pixels) distributed across H strata. Within each ter-
tiary unit, repeated observations were conducted, with the final
sample size n representing the total number of observed tertiary
units across all strata.

The estimates of means and proportions, denoted by 8, were based
on the Horvitz-Thompson estimator (Kish 1995; Cochran 1963):

F= 2:21 Wy Vs

Z::l Wy
where w, is the weight of the sth observation and y, is the value of
the variable of interest for which the mean or proportion is being
estimated. The initial weight wy, is the inverse of the product of
the inclusion probabilities of each sampling unit at each stage,
given by:

1
Wijnke = p_ Where pyp = p; X Py X Pk
ijhk

Here, p;, is the inclusion probability at the first stage for
i€ {1, ...,P}, p; is the inclusion probability at the second stage
for je {1, ...,S}, and py, is the inclusion probability at the third
stage for he {1, ... ,H}and k € {1, ... ,K}. The final weight w, is
obtained by dividing wy, by the number of repeated observa-
tions (n, ) in the tertiary sampling unit, as follows:

Wijnk

wy=——forle {1, ..., nyy}
Rijnk

where s = s(i, ], h, k, I).

This method ensures that the sampling weights accurately re-
flect the probability of inclusion across all sampling stages,
providing reliable and precise area estimates. The method for
confidence interval calculation is available in Appendix S3.

3 | Results

3.1 | Pasture Degradation Classification

Building upon the field data collected and the methodological

framework outlined in the previous section, this section pres-
ents the results for pasture degradation classification.
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The first two principal dimensions of the variables, which com-
bined explained 71.2% of the total inertia (49.9% by Dim 1% and
21.3% by Dim 2) (Figure 2), were retained for a hierarchical clus-
tering analysis, which was used to synthesize and classify the
field data. Figure 3 illustrates the 10 variables with the high-
est percentage-wise contribution to these principal dimensions,
along with the direction of their influence.

Considering the first two main dimensions, the variables were
grouped based on their proximity in the reduced-dimensional
space, with closer variables indicating similar pasture con-
ditions. A hierarchical cluster analysis was then performed
using the two principal dimensions. The categories of the
variables, represented as coordinate pairs in this space, were
grouped using Ward's method to identify structural patterns
in the data (Ward Jr. 1963). The resulting dendrogram illus-
trates the clustering process, identifying six distinct groups at
a defined height threshold, as indicated by the dashed boxes
(Figure 4). The six clusters identified in the hierarchical clus-
ter analysis dendrogram were determined to be the optimal
number of clusters according to the gap statistic method
(Tibshirani et al. 2001).

The clusters exhibited clear patterns, with variables associated
with better-managed pastures (e.g., high forage availability, low
weed presence, and high soil cover) forming distinct groups,
while indicators of severe degradation (e.g., high weed presence,
low soil cover, and low forage productivity) characterized others.

These groups were subsequently classified into three main pas-
ture degradation classes: (1) non-degraded (ND), (2) in process
of degradation (PD), and (3) severely degraded (SD), based on
their characteristics and distribution of variables within the six
clusters identified. A decision tree was adjusted to model the re-
lationship between degradation classes and the variables’ princi-
pal dimension coordinates (Dim1 and Dim?2). In the adjustment
of the decision tree, only the first principal dimension (Dim1)
was relevant to explain the classification of the three degrada-
tion categories. The resulting tree model, shown in Figure 5,
highlights key decision splits based on thresholds in Dim1. The

overall accuracy of the decision tree model was 97.05%, with
only two misclassifications between the ND and PD categories.

Since the proximity between the main coordinates of the field
evaluations at each sampling point and the principal coordi-
nates of the variables in the biplot (Figure 2) indicates an asso-
ciation between them, the decision tree model was once again
applied to the principal coordinates of each evaluation across all
field points (individuals). This approach allowed for the classifi-
cation of degradation levels for each assessment based on its po-
sition within the factorial space. As a result, the model classified
37.31% of the field evaluations as ND, 34.84% as PD, and 27.84%
as SD. This classification was the basis for the degradation area
estimates in Goiés.

3.2 | PAS Area Estimates

The total pasture area corresponding to each parameter score
was estimated using a statistically robust approach that incor-
porated sampling weights and spatial information, ensuring
accurate extrapolations across the state. Each parameter was
assessed using a standardized scoring system, with area mea-
surements derived from a representative sample of pasture sites.

The estimated pasture area in hectares for each PAS, along with
the associated standard error se (’ﬁ), is presented in Table S1. These
estimates provide a comprehensive quantification of pasture con-
ditions across the state, highlighting variability in forage produc-
tivity, degradation status, and management effectiveness.

Figure 6 presents the distribution of estimated pasture area (in
hectares) across different scores for the various pasture parame-
ters assessed. Each subplot represents a specific parameter, with
the x-axis indicating the score (ranging from 1 to 7) and the y-
axis showing the corresponding pasture area in thousands of
hectares (kha).

For each parameter, the pasture area is highest at specific
scores, indicating where most pastures fall in terms of condition.

Land Degradation & Development, 2025
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FIGURE 4 | Dendrogram illustrating the six distinct groupings of
field variables. [Colour figure can be viewed at wileyonlinelibrary.com]|

The results reveal distinct patterns across variables, highlight-
ing the variability in pasture conditions. For instance, most
pastures exhibit intermediate scores (2-4) for DV, indicating a

predominance of pastures in active growth rather than those in
early establishment or late senescence within the evaluation pe-
riod (transition from wet to dry season). Weed coverage (WD)
is highest at lower scores (2, 3), indicating that a significant
portion of pastures experience low to moderate invasive species
presence. Likewise, TI is most prominent at scores 1-2, indicat-
ing that termite distribution across Goids pastures is generally
low. It is important to note that the interpretation of these scores
varies by parameter, as lower scores do not necessarily indicate
poorer pasture conditions.

3.3 | Pasture Degradation Levels Estimates

Following the classification of sampling points into three deg-
radation categories (ND, PD, and SD), pasture degradation es-
timates were statistically derived through spatial extrapolation
using sampling distribution and weights. The area estimates for
each class, along with their respective percentages, standard
errors, and confidence intervals, are summarized in Table 1.
These estimates provide a comprehensive assessment of pasture
degradation across Goids, offering valuable insights into its spa-
tial distribution and extent.

An estimated 39.35% of the total pasture area in Goids, approxi-
mately 5.4million hectares, was classified as ND, with a standard
error of 539,608 ha. Pastures classified as PD accounted for 31.98%,
covering 4.4 million hectares. Meanwhile, SD pastures represented
28.67% of the total area, corresponding to 3.9 million hectares.

4 | Discussion

The hierarchical clustering analysis of the pasture assessment
scores reveals insightful relationships between key indica-
tors of pasture productivity and degradation. The dendrogram
(Figure 5) organizes these variables into six distinct clusters,
indicating potential correlations and dependencies among them
and reinforcing the complexity of degradation processes.

One of the key findings is the strong association between low
soil coverage (SC score 1) and forage in the early vegetative
stage (DV score 1). These pastures likely experience significant
soil exposure, often indicative of biological degradation (Dias-
Filho 2023) or the aftermath of disturbances such as fire; both
scenarios can be linked to severe degradation. Additionally,
more mature forage development stages (DV scores 6-7) are as-
sociated with intermediate levels of degradation (PD). Prolonged
forage growth without proper grazing management can result
in reduced forage quality and the accumulation of senescent
material, diminishing pasture productivity and livestock per-
formance. Additionally, extended growing seasons in warmer
environments accelerate plant growth, leading to reduced soil
nitrogen availability and further declines in forage quality
(Kirkman et al. 2023; Morris et al. 2022).

Another notable observation is the clustering of termite inci-
dence with intermediate degradation levels (PD). This suggests
that termite presence alone may not necessarily indicate se-
vere degradation (Lima et al. 2011), challenging the common
perception that links termite activity to declining pasture
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FIGURES5 | Decision tree classification of pasture degradation levels. [Colour figure can be viewed at wileyonlinelibrary.com]

conditions. In contrast, some studies have shown that termites
can positively contribute to soil health, improving organic mat-
ter content, aeration, and nutrient cycling (Chen et al. 2023).
This pattern reinforces the idea that termite activity may serve
as an ecological function rather than solely a degradation indi-
cator, warranting further investigation into its role in pasture
dynamics.

As for the area estimates for individual parameters, depicted in
Table 1, it reveals that approximately 63.6% of pastures in Goias,
equating to 8.7million hectares, fall within intermediate condi-
tion scores (PC). However, the distribution of productivity po-
tential scores (PP) further highlights that a substantial portion of
the assessed areas could achieve higher productivity levels with
appropriate management and recovery practices. Implementing
weed control, adjustments to stocking rates, and soil correction
measures, such as liming and fertilization, can address nutrient
deficiencies inherent in tropical soils, thereby enhancing forage
growth and quality (Dias-Filho 2023; Lopes et al. 2024; Ortega
Gaston et al. 2024). Effective pasture management is crucial for
maximizing forage production and ensuring long-term sustain-
ability (Cezimbra et al. 2021), particularly in tropical regions
where soil fertility naturally declines over time without proper
intervention (Rodelo-Torrente et al. 2022).

Although SC estimates suggest that a majority of pastures in
Goids maintain adequate biomass cover, FA scores reveal a con-
cerning trend. Average scores range from 2 to 3, corresponding
to approximately one to four tons of dry matter per hectare.
This lower FA is likely linked to higher grazing pressure, which
can hinder pasture recovery and reduce productivity over time
(Lane 2020; Silva et al. 2019). Adjusting livestock stocking rates
is essential to align forage production with animal demand,
promoting a sustainable pasture-livestock balance and prevent-
ing further degradation. Effective grazing management, such
as rotational grazing, allows for periods of rest and regrowth,

preventing overgrazing and maintaining pasture quality, there-
fore supporting the economic viability of livestock production
(Lane 2020).

Regarding the estimation of degraded areas in Goids, our study
revealed that around 28.67% of the pastures exhibit severe deg-
radation, and another 31.98% are in the process of degrading.
These categories combined represent over 8.2million hect-
ares, highlighting a critical challenge for pasture management
within the state. The prevalence of degrading and severely de-
graded pastures underscores the necessity for targeted interven-
tions to mitigate further deterioration and promote recovery.
Recommended measures include enhanced soil management
practices, rotational grazing systems, and restoration of forage
productivity.

Previous studies based on remote sensing have consistently
highlighted the widespread nature of pasture degradation
in the Cerrado region. Pereira et al. (2018) estimated that ap-
proximately 46% of Cerrado pastures exhibited some level of
degradation. Similarly, Santos et al. (2022) reported that over
3million hectares (21.10%) of pastures in Goias were classified
as severely degraded, and 44.25% at intermediate degradation
levels. However, these large-scale assessments rely primarily on
indirect indicators such as vegetation vigor, which, despite being
a valuable proxy, present important limitations. For instance,
Pasture Vigor maps produced by LAPIG under the MapBiomas
initiative (Lapig 2024) classify Goids' pastures into three vigor
levels: high (33.48%), medium (44.06%), and low vigor (22.45%).
Yet, this classification may lead to misinterpretations, as vege-
tation vigor metrics primarily capture seasonal green-up and
biomass accumulation and may not reflect agronomic degrada-
tion processes, such as increased dominance of invasive species.
Additionally, these assessments do not distinguish between cul-
tivated and native grasslands, which may result in the misclassi-
fication of native areas as degraded.
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Integrating field data with remote sensing information can
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TABLE1 | Areaestimation for degradation class within Goids, Brazil.

SE.Area LL.Area UL.Area
Classe Percentage (%) SE.Per(%) LL.Per(%) UL.Per (%) Area (ha) (ha) (ha) (ha)
ND 39.35 3.92 31.66 47.04 5,412,294 539,608 4,354,682 6,469,906
PD 31.98 2.66 26.77 37.19 4,398,206 365,643 3,681,560 5,114,853
SD 28.67 3.64 21.54 35.79 3,942,569 500,095 2,962,401 4,922,738

Abbreviations: LL, lower limit; SE, standard error; UL, upper limit.

also highlighted significant classification uncertainties, particu-
larly in distinguishing low-to-moderate degradation levels.

Effectively addressing pasture degradation requires targeted
management strategies based on severity. For lightly or moder-
ately degraded pastures, strategies include improving soil fertil-
ity, rotational grazing, invasive species control, and adjusting
grazing pressure. Severely degraded areas may require intensive
interventions, such as pasture renovation or establishing silvo-
pastoral systems to restore productivity and ecosystem services
(Macedo et al. 2000; Bustamante et al. 2019).

Ultimately, validating remote sensing-based assessments with
ground-truth data is crucial to ensure the reliability of pasture
condition monitoring. While satellite imagery enables large-
scale, continuous monitoring, it may overlook localized degra-
dation processes detectable only through field observations.

5 | Conclusions

This study presents a comprehensive field-based assessment
of pasture degradation in Goids, Brazil, using the Pasture
Assessment Score (PAS) methodology combined with robust
statistical analysis. By applying a scoring system specifically
developed for tropical pastures, we classified pasture areas into
three degradation levels: non-degraded (ND), in process of deg-
radation (PD), and severely degraded (SD). Results indicate that
39.35% of the pasture areas presented low to no signs of deg-
radation, 31.98% were undergoing degradation processes, and
28.67% were already severely degraded, highlighting the wide-
spread impact of pasture degradation across Goids.

The PAS approach offers valuable opportunities for broader
application due to its adaptability and cost-effectiveness.
Nonetheless, challenges remain regarding the resource-intensive
nature of field data collection and the need for standardized pro-
tocols to ensure consistency across seasons and regions. Future
work should focus on integrating field data with remote sensing
products to enable large-scale, high frequency monitoring. Such
combined approaches will help mitigate fieldwork constraints
while improving the detection of early-stage degradation.
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